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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Objective Of This Project 
 
 
Today, optical network is developing rapidly as growing capacity demand in 
telecommunication system is increasing. Optical transmission systems are typically 
running at data rates of 2.5Gbits/s or 10Gbits/s per channel. There are many advantages 
for designing switching elements using optical components. These advantages include 
decreased switching time (less than 1/10 of a pico second (1012)), less cross talk and 
interference, increased reliability, increased fault tolerance, enhanced transmission 
capacity, economical broadband transport network construction, enhanced cross-connect 
node throughput, and flexible service provisioning. 
 
 
There exists a demand of combining information from separate channels, 
transmission of the combined signals over a single optical fiber link and separation of 
the individual channels at the receiver prior to routing to their individual destinations. 
Hence, the application of integrated optics in this area is to provide optical methods for 
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multiplexing, modulation and routing. More recently, interest has grown in these devices 
to divide or combine optical signals for application within optical fiber information 
system including data buses, local area networks, computer network links and 
telecommunication access networks. These functions may be performed with a 
combination of optical beam splitters, switches, modulators, filters, sources and 
detectors.  
 
  
 Beam splitters are a basic element of many optical fiber communication systems 
often providing a Y-junction by which signals from separate sources can be combined, 
or the received power divided between two or more channels. The objectives of this 
project are, therefore: 
 
 
? Model formulation of Y-junction which involves study of Y-junction geometry, 
which makes it better than other beam splitters. To study how the length of 
switch effects the operation and behavioral characteristics of switch. 
 
? Generation of Electric field modes within the waveguide. 
 
? Simulation of propagation of light through Y-junction. 
 
? Other optimum configurations like: 
 
• Branching /Opening angle formed exactly at the junction of Y-channel. 
 
• Switching characteristics like switching temperature, switching power,     
switching functions(Thermo optic effect, Acoustic optic effect, magneto 
optic effect, electro optic effect etc) 
 
• Power consumption meaning how much power is required for thermal   
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coupling to occur. 
 
• Low crosstalk in Y-junction for lossless transmission through it. 
 
 
 
 
1.2 Scope Of This Project 
 
 
The aim of this project is twofold. Firstly, to study the effect of temperature on 
the refractive index of the thermo-optic waveguide. The waveguide is heated by means 
of a thin electrode which is placed on one of the channels of Y-junction. The electrode 
leads to heating of one of the channels of Y- junction, in turn changing the density of 
polymer, increasing the polarizability and variation in optical path from one channel to 
other of Y-junction. In this project, the buried waveguide is considered and the 
phenomenon of thermo coupling will be studied seriously. 
 
 
The second investigation is to gain insight of the various design parameters of 
the Y-channel power splitter. Here, we would determine how by varying he 
opening/branching angle between to arms of Y-channel 
 
• Effect the total length of the power splitter. 
 
• Effect the power transmission in two channels of Y-junction. 
 
The efforts will be made to keep the size of Y-junction power splitter small. 
However, very short switch can lead to worst cases of crosstalk of about 2.25dB (which 
in turn indicates the influence of interferometer effects on the device).All simulations are 
done by means of software named MATLAB and BPM.  
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1.3 Problem Statement 
 
 
The use of visible optical carrier waves or light for communication has been 
common for many years. Simple systems like signal fibers, reflecting mirrors and 
signaling lamps have provided successful information transfer. The communication 
using optical carrier wave guided along a glass fiber has a number of extremely 
attractive features, several of which were apparent when the technique was originally 
conceived. These features include enormous potential bandwidth, small size, and weight, 
electrical isolation, low transmission loss, signal security, reliability, flexibility, potential 
low cost etc.  
 
 
Due to these enormous features of Optical fiber communication in comparison to 
conventional electrical communication, there is seen an increase in the complexity of 
Optical modules. So, the demand of time is to provide structure that have below 
mentioned features.  
 
 
Firstly, Optical device with simple compact structure meaning small in size and 
less in weight. The industry will need to more to new technologies, such as flip chip 
instead of wire bond and multi chip modules to reduce package size. Secondly, there 
exists a need to keep the excess loss associated to Optical module very low so that the 
obtained output power is approximately equal to the input power. Next is the demand to 
manufacture Optical structures with less polarization dependence. However, this can be 
achieved by making using of an appropriate switching function like thermo-optic effect 
which is polarization insensitive and can be easily implemented by usage of electrically 
driven by micro heaters. Finally, the Optical module should be such which can provide 
NxN structure for power splitting and combining if required. Sometimes a switching unit 
does not provide the desired value of some parameter; the Optical module must be such 
that by cascading it into various stages, the problem is overcome. For instance, if the 
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crosstalk of a single 1x2 switching unit(for example, a DOS) is not sufficient, it can be 
improved by cascading several of these devices and thereby multiplying the crosstalk(in 
dB) by the number of cascaded stages. 
 
 
 This project use polymer material to build Optical waveguide. Since polymer 
has large range of thermo- optic coefficient, we will apply the thermo optic effect to 
overcome the above stated problem statement.    
 
 
 
 
1.4 Project Background 
 
 
The term Integrated Optics came into being since 1969 and was first discovered 
by Miller. The concept of Integrated Optics involves the realization of optical and 
electro-optical elements which may be integrated in large numbers on to a single 
substrate. The need of Integrated Optics is there because most of the equipments today 
are still based on electronic signals meaning that optical signal has to be converted first 
into electrical signal, amplified, regenerated or switched and then reconverted to optical 
signals. It is called Optical-to-Electronics-to-Optical (OEO) conversion. This is well 
explained in Chapter 3. 
 
 
There are two major kinds of Integrated Optical Switch namely, Interferometer 
switch like Directional Coupler, Mach Zehnder  etc and Digital Optical switch. For the 
concern of this project we consider DOS because of it’s low polarization and wavelength 
insensitivity. Also unlike Interferometer switches, DOS doesn’t require tight control of 
biasing condition and  less sensitive to heat.  
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With the beginning of Integrated Optics many waveguide fabrication techniques 
have been proposed and used to form various optical waveguides on a variety of 
substrates. The great variety of potential applications for integrated optical devices have 
spurred intensive investigation of a large number of waveguide as well as substrate 
materials over the past two decades. Initially, semi conductive substrates were studied  
in the hope of facilitating easy interface with microelectronic or optoelectronic 
components. Glass substrates were investigated with intended applications as advance 
passive fiber-optical components. Electro-optical crystal substrates were explored for the 
development of optical switches, modulators, and optical signal –processing devices. 
Non linear optical materials were studied in the attempts to make high efficiency optical 
harmonic generators. But none of them fulfill all desirable criteria at the same time. An 
interesting alternative  is polymers which offer some unique advantages. 
 
 
Polymers are a relatively cheap starting material and can be processed from 
solution, which offers additional potential for cost savings compared to other 
technologies. Besides this polymers have wide range of refractive index from (-1 x 10-4 
K-1 to -4x 10-4 K-1) which leads to power efficient dynamic components. Waveguide can 
be designed with very large or very small index contrast between core and cladding 
(0%-35%). Polymer can also have very low optical loss<0.1dB/cm at the 
telecommunication wavelengths 1310nm and 1550 nm(John M. Senior, 1992).At present 
polymers find their application widely in optical communication devices like switches, 
couplers, filters, attenuators, polarization, controllers, dispersion compensators, 
modulators, laser and amplifiers. Polymer materials have proved to have satisfactory 
light-guiding characteristics. In principle, it is possible to achieve low optical 
loss(infrared), high thermal and environmental stability, high thermo optic effects, low 
thermal conductivity, good adhesion to metals and silica, and refractive index tailoring.  
 
 
Furthermore modifying the chemical structure or doping the polymers with guest 
molecules can tune the physical properties far simpler than in the case of semiconductors 
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or dielectrics. Polymers with different functionalities can be integrated on the same chip 
and offer a versatile platform. Additionally, the processing of polymers is usually 
compatible with semiconductors or dielectrics, which allow hybrid integration. 
 
 
Table 1.Some of the typical properties of waveguide material used in integrated optics is 
mentioned in the tabulated form.  
 Propagation 
Loss(dB/cm) 
Refractive 
Index  
Index 
Contrast(ηcor 
ηclad)/(ηcor) 
Birefringence T/O 
Coef. 
dn/dt 
[K-1 ] 
Max. 
Modulation 
Freq. 
Silica 0.1 1.5 0-1.5% 10-4-10-2 10-5 1kHz(TO) 
Silicon 0.1 3.5 70% 10-4-10-2 1.8x10-4 1kHz(TO) 
Polymers 0.1 1.3-1.7 0-35% 10-6-10-2 -1x10-4 
- 4x 10-4 
1kHz(TO) 
Lithium 
Niobate 
0.5 2.2 0-0.5% 10-2-10-1 10-5 40GHz(EO)
Indium 
Phosphide 
3 3.1 0-3% 10-3 0.8x10-4 40GHz(EO)
 
 
Furthermore modifying the chemical structure or doping the polymers with guest 
molecules can tune the physical properties far simpler than in the case of semiconductors 
or dielectrics. Polymers with different functionalities can be integrated on the same chip 
and offer a versatile platform. Additionally, the processing of polymers is usually 
compatible with semiconductors or dielectrics, which allow hybrid integration. Polymer 
materials have proved to satisfy specific applications and are  thus of wide interest 
nowadays. 
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 In this project we consider Polyurethane as core material (η1= 1.573) and 
Polymethylmethacrylate as cladding (η3 = 1.49 to 1.56). The Thermo optic effect will be 
studied over the refractive index of core in this project and also Thermo coupling of 
power in the two channels of Y-channel. 
 
 
 
 
1.5 Overview Of This Project 
 
 
This part of Introduction provides the work frame of Project 1. This report 
consists of four Chapters including the Introduction. 
 
 
Chapter2 holds the discussion about the phenomenon of light traveling through a 
waveguide. Here, the propagation of light wave is expressed in terms of Maxwell 
Equations. The various types of Optical waveguides are discussed. However, for this 
project we consider buried type waveguide.  
 
 
Chapter3 involves the methodology of the project. Here, the Operational 
principle of thermo-optic waveguide is discussed. There are certain numerical methods 
(formulas) which describe the relationship between many light propagation parameters 
and further used for simulation purpose. 
 
   
Chapter 4 is about the design and geometry of Optical Y-junction power splitter. 
Chapter 5 holds the simulations for this project. All the results are produced using 
FEMLAB and BPM software. Future work for this project is discussed in Chapter 6. 
 
